Local or asymptotic states of stress relevant to the characterization of the state of stress adjacent to the edges of incomplete contacts are discussed. It is shown that the multipliers for the asymptotic solutions effectively characterize the nucleation propensity of the geometries. This idea is tested by applying the approach to reliable fretting fatigue data in the literature, and re-examining it in this light.
INTRODUCTION
Designing against any form of fatigue may be achieved either by ensuring that any cracks present self-arrest or, in principle, by ensuring that they never nucleate. It is very difficult to produce a workable, physically acceptable criterion for the avoidance of nucleation across a range of materials, precisely because the micro-mechanics of the nucleation mechanism vary greatly from alloy to alloy. The central idea of the procedure proposed here is that we accept that some form of laboratory calibration experiment is necessary: the procedure permits the experiment to be designed so that the complete spatial distribution of stresses in the neighbourhood of nucleation matches precisely that in the prototype.
A series of local or 'asymptotic' solutions have been developed, each of which encapsulates the local state of stress at a potential nucleation point. They will be applied to the fretting fatigue data obtained by Nowell [1] , and by Farris [2] for the fretting fatigue strength of a range of Hertzian contacts in aluminium (4% copper). Those tests showed a significant size effect which has never been satisfactorily explained, and which the present theory does.
INCOMPLETE CONTACTS AND THEIR ASYMPTOTIC REPRESENTATION
All contacts may be classified into one of three groups; incomplete, complete and receding [3] . Here, we shall be concerned only with incomplete contacts, i.e. those having a convex face, such that the contact pressure falls continuously to zero at the contact edge, and the size of the contact is dependent on the normal contact force. Problems of this class, may often be dealt with by half-plane contact theory. This enables a closed form solution to be found in many cases. The most important fundamental property of the solutions is that, adjacent to the contact edge, each of them shows a contact pressure variation of the form p~s ½ , where s is a coordinate measured from the contact edge. The local contact pressure may be written in the form
where
] is a generalised stress intensity factor which scales the solution, in exactly the same way as a conventional stress intensity factor scales the crack-tip solution.
We turn, now, to a consideration of the effects of shear. A very crude adaptation for the effect of slipping shear could be developed simply by multiplying the normal asymptote by the coefficient of friction, which will be denoted by f. But this is discarding information normally available, viz. that there is an adjacent adhered region. It follows that, within the stick region, the general form of the shearing traction distribution, q(s), must be of the form q(s)~s -½ when s»d, where d is the extent of the slip zone, in order to provide a rigid-body tangential displacement. In fact, the complete shearing traction distribution may be found corresponding to the adhesion requirement in the stick region and the contact pressure being given by equation (1) everywhere [4] . This gives
] is the generalised stress intensity factor scaling this solution. It will be noted that the solutions for K N , K T have differing dimensions, and 
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The [5] . Another important practical extension concerns the development of the solution to the case where a remote tension is applied synchronously and in phase with the shearing force variation. It was shown [5] that the fundamental solution for K T , equation (2) , continued to apply, regardless of the value of d. This apparently very simple result provides a powerful extension to the matching problem: in any finite problem the presence of a tension will materially affect the size of the slip zone, and when this is replicated in any other finite problem, an equivalent tension will effectively be represented.
APPLICATION OF THE TECHNIQUE
As well as providing a 'matching service', the idea of using asymptotes provides for the possibility of developing materials data for design, by developing a databank. This would be entirely analogous with the general acceptance of Paris law data (including threshold stress intensities), as a means of characterising the propagation of a crack. Continuing the analogy with fracture mechanics, experience showed that crack growth rate was a strong function of the range of stress intensity, but only a weak function of the average value (equivalent to the R-ratio). Initial correlations of crack growth rate were therefore primarily with the range only. Here, the problem is slightly worse, because we have a static stress field associated with K N , and a varying one bounded by the values of K min T , K max T . Also, we are looking primarily for a threshold condition for infinite nucleation life. We propose, therefore, initially to make the simplest possible correlation, and this is that the conditions for nucleation are controlled by K max T . The best-controlled fretting fatigue tests employing incomplete contacts are those conducted by Nowell [1] , and by Farris and co-workers [2] , each of whom used an aluminium-4% copper alloy. These experiments were conducted using a range of states of stress but, more importantly, a range of contact sizes was also used, as an exploration of the 'size effect' was one of their principal objectives. It was discovered that, for a range of states of stress, large contacts gave rise to short total lives, whilst small contacts gave rise to long total lives. The most obvious classical way to plot the data is in the form of an 'S-N' curve. This is displayed in Figure 1(a) , and the position chosen for the evaluation of the state of stress is at the precise trailing edge of the contact, where there is only a single surviving non-zero stress component, σ xx . The curves show considerable scatter, precisely because the size effect information is not preserved in the way the data are shown.
The method described in this paper was then applied to the same data set. In Figure 1(b) we have re-plotted the same experimental data, using K max T as the controlling variable, and the scatter is significantly reduced. It is still present, but the plot shows clearly that a generalized stress intensity threshold can be identified for this series of tests.
CONCLUSION
The idea of employing local or 'asymptotic' solutions to fretting fatigue problems has been introduced, reviewed, and some key results explained. Its uses are really two-fold; first, to enable simplified laboratory tests to match the conditions in complex prototypes with considerable fidelity, and secondly, to open up the possibility of determining a material property which really does represent the condition for threshold of nucleation. A preliminary look at the data currently available shows that it is amenable to scrutiny in this light. 
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